ABSTRACT: Sixty entire male pigs from 2 distinct genotypes (30 Alentejano purebred, an autochthonous fatty genotype, and 30 commercial crossbred pigs, a lean genotype) were used to investigate the effects of dietary CP reduction and low-Lys levels on growth performance, carcass traits, and meat quality. Pigs with 59.9 ± 2.0 kg BW were randomly assigned within each genotype to 1 of 3 diets [normal CP diet (control), reduced CP diet adjusted for Lys (RPDL), and reduced CP diet not adjusted for Lys (RPD)] as a 2 × 3 factorial arrangement of treatments with 10 individually fed pigs per treatment. Pigs were slaughtered at 93.4 ± 2.4 kg BW. The results showed that intramuscular fat (IMF) content of longissimus lumborum muscle was greater in Alentejano than crossbred pigs (5.0 vs. 2.4%). The RPDL had no effect on IMF content, ADG, backfat thickness, and loin weight in both genotypes. The RPD promoted the increase (P < 0.05) in IMF content in crossbred (~50%) but not Alentejano pigs, which indicates that Lys restriction can mediate the effect of RPD. Within crossbred pigs, meat obtained from pigs fed RPD had an increased IMF content (+1.3%) and a tendency for greater sensory scores (tenderness, juiciness, flavor, and acceptability) than those fed the control. The IMF content was positively correlated to flavor in Alentejano genotype (P < 0.05) but not in crossbred pigs. Alentejano and crossbred pigs had a greater tendency to deposit 18:1c9 and SFA, respectively. Despite the contribution of fatty acid composition to flavor, its influence on pork acceptability was more noticeable in crossbred than Alentejano pigs. In conclusion, the increased IMF promoted by dietary CP reduction in lean but not in fatty pig genotypes during the growing-finishing period is likely due to Lys limitation, which seems to enhance eating quality of pork.
INTRODUCTION
Intramuscular fat (IMF) content is generally accepted as a major determinant of sensory traits of meat (Wood et al., 2008) . To reduce carcass fatness and improve feed efficiency, pigs reared in intensive systems have become leaner and faster growing. As a consequence, the eating quality of pork has been compromised because of its low IMF content. The IMF content positively influences meat sensory traits, such as taste and flavor (Damon et al., 2006; Hocquette et al., 2010) . A decrease of IMF <2.5% has been shown to be related to reduced pork sensory traits (Fernandez et al., 1999a) . Therefore, the production of pork with moderate amounts of IMF, without an increase in subcutaneous fat, would be highly desirable for the meat industry.
Several studies indicated that dietary protein reduction during the growing-finishing period of pigs could enhance IMF content without increasing subcutaneous fat (Karlsson et al., 1993; Castell et al., 1994) . However, low-protein diets not adjusted for Lys content decreased ADG and LM area in commercial crossbred genotypes . Nonetheless, reduced protein diets may increase IMF without affecting growth rate and protein deposition. Moreover, the effect of dietary protein and Lys levels on geno-typeswith distinct body fat content and protein deposition rate remains to be established.
In this investigation, we tested the hypothesis that reduced protein diets, with or without an adjusted level of Lys, increases IMF content of lean commercial crossbred and fatty autochthonous purebred pigs, without major undesirable effects on growth rate and carcass traits. In addition, we postulated that increased IMF induced by reduced protein diets improves meat sensory traits of lean genotype compared with fat pig genotype.
MATERIALS AND METHODS
This trial was conducted in accordance with European Union standard guidelines for human care and use of animals in experimental research (Directive 86/609/EEC).
Animals and Experimental Diets
Sixty entire male pigs, 30 Alentejano purebred (an autochthonous, high-fat porcine genotype), and 30 crossbred pigs with 3 genetic lines (50% Large White × 50% Landrace gilts mated to 50% Large White × 50% Pietrain boars; a commercial low-fat porcine genotype), with a BW of 59.9 ± 2.0 kg were selected. Before the beginning of the experiment, all animals were housed and fed with the same conventional feed management (starter diet containing 13.0 MJ ME/kg and 1.2% total Lys from weaning to 1 mo of age, followed by an intermediate diet containing 13.0 MJ ME/kg and 1.1% total Lys until 25 to 30 kg BW, and, then, a finishing diet containing 13.0 MJ ME/kg and 0.9% total Lys until ~60 kg BW). Afterward, pigs were divided into groups of 10 animals, which were randomly allocated into 6 groups of 3 pens (2 pens containing 4 pigs and 1 pen containing 2 pigs) each and randomly assigned to 1 of the 3 diets within a 2 × 3 factorial arrangement (2 genotypes and 3 levels of CP and Lys) with individual control of feed intake. During the experiment, animals were individually fed twice a day and had ad libitum access to water. Feed offered and refusals of each pig were recorded daily to determine individual feed intake. Three isoenergetic diets (13.5 MJ ME/kg) were formulated to contain 0.60%, 0.60%, and 0.40% Lys for the control diet, reduced CP diet adjusted for Lys (RPDL), and reduced CP diet not adjusted for Lys (RPD), and L-Lys was added to the RPDL diet to balance for Lys (Table 1) . Analyzed contents of those diets were: 17.5% CP and 0.65% Lys for the control diet, 13.2% CP and 0.56% Lys for RPDL, and 13.1% CP and 0.40% Lys for RPD, and there was no difference in Lys content between the control and RPDL diets.
The dietary samples were collected 4 times during the trial. Diets were analyzed for DM by drying a sample at 100°C to a constant weight. The N content was determined by the Kjeldahl method described in AOAC (2000) and CP was calculated as 6.25 × N. The determination of ash and starch contents were performed according to the procedures described by AOAC (2000) and Clegg (1956) , respectively. Crude fat was determined by extracting feed samples with petroleum ether, using an automatic Soxhlet extractor (Gerhardt Analytical Systems, Königswinter, Germany). Crude fiber was determined according to the procedures described by AOAC (2000) . The GE content of diets was measured using an adiabatic bomb calorimeter (Parr 1261, Parr Instrument Company, Moline, IL). Fatty acid methyl esters (FAME) of feed samples were analyzed by one-step extraction transesterification, using heptadecanoic acid (17:0) as internal standard (Sukhija and Palmquist, 1988) . The amino acid composition was extracted according to the method described by AOAC (2005) and quantification was performed with HPLC (Agilent 1100, Agilent Technologies, Avondale, PA) according to Henderson et al. (2000) .
Animal Performance and Muscle Sampling
Throughout the experiment, pigs were weighed weekly before feeding. The ADG and G:F were calculated. Feed was withdrawn from animals 17 to 19 h before slaughter. Pigs were slaughtered at a BW of 93.4 ± 2.4 kg at the L-INIA experimental slaughterhouse, following standard handling procedures and using electrical stunning before exsanguination. The HCW was recorded and carcass yield was calculated. Perirenal fat was removed and weighed. For IMF content and fatty acid (FA) composition, samples of longissimus lumborum muscle were collected from the right carcass side between third and fifth lumbar vertebras, immediately vacuum packed and stored at -20°C until analyses.
At 24 h postmortem, backfat thickness was measured in the left carcass side at shoulder, last rib position (P2; the most representative location), last lumbar vertebra (L6), and second sacral vertebra (S2), as described by Frederick (1972) . The loin was excised from the left carcass side between last cervical and L6 lumbar vertebras, and weighed just before being sliced into 2.5-cm-thick chops for sensory evaluation (second to third lumbar vertebras) and shear force measurements (first lumbar vertebra). Chops were vacuum packaged, frozen, and stored at -20°C, until further analyses.
Meat Quality Traits
The pH and temperature were measured in the longissimus lumborum muscle (L1, right carcass side) at 45 min (pH 45 and T 45 , respectively) and 24 h (pH 24 and T 24 , respectively) postmortem, using a pH meter equipped with a penetrating electrode (HI8424, Hanna Instruments, Smithfield, RI). Objective color was measured on the cut surface of the LM section 24 h postmortem, using a chromometer (Minolta CR-300; Konica Minolta, Tokyo) with 2° viewing angle geometry, 11-mm-diam. aperture, 8-mm-diam. measurement area, and a C light source. The color system was the CIE L* (lightness), a* (redness), and b* (yellowness), and the data were obtained 1 h after air exposure to allow blooming.
Intramuscular Fat Content and Fatty Acid Composition
The IMF content was determined in fresh samples by hydrolysis with 4 M HCl, followed by Soxhlet extraction with petroleum ether as described by AOAC (2000) . To assess FA composition in muscle, total lipids were extracted from lyophilized samples (~250 mg), using dichloromethane:methanol (2:1, vol/vol), the method adapted from Folch and Stanley (1957) . Fatty acids were converted to FAME by a combined transesterification procedure with NaOH in anhydrous methanol (0.5 M), followed by HCl:methanol (1:1 vol/vol), at 50°C during 30 and 10 min, respectively, according to the method described by Raes et al. (2004) . The FAME were analyzed using a gas chromatograph (HP6890A; Hewlett-Packard, Avondale, PA), equipped with a flame ionization detector and CP-Sil 88-capillary column (100 m × 0.25 mm i.d.; 0.20 mm film thickness; Chrompack, Varian Inc., Walnut Creek, CA). The chromatographic conditions were as fol- 3 3-phytase and calcium carbonate (TECaphos, 500 g; Tecadi).
4 Formic acid, propionic acid, citric acid, and calcium salts (Ultracid V Dry EU; Tecadi).
5 Fermentation product of Aspergillus niger fungus, using wheat middlings as substrate combined calcium carbonate (Graintec TS; Tecadi).
6 Hydrated aluminum silicates, Na, yeast extracts, calcium propionate, calcium formate, and antioxidant (Unike Plus Dry; Tecadi).
7 Ethoxyquin, propyl gallate, and citric acid (Oxi-Nil Dry Premix; Tecadi).
8 Calculated Lys content: 0.60%, 0.60%, and 0.40% for the Control, RPDL, and RPD diets, respectively. lows: the injector and detector temperature were 250 and 280°C, respectively, helium was used as carrier gas, and the split ratio was 1:70. The gas chromatograph oven temperature was programmed to start at 100°C (maintained for 1 min), followed by a 50°C/min ramp to 150°C (maintained for 1 min), followed by a 2°C/min ramp to 200°C (maintained for 2 min), and finally increased at 30°C/min to 220°C (maintained for 15 min).
The quantification of total FAME was done using nonadecanoic acid (19:0) as internal standard and the conversion of relative peak areas into weight percentages. Fatty acids were identified on the basis of their retention times, corresponding to their FAME standards (Supelco Inc., Bellefonte, PA) and expressed as mg/100 g of muscle.
Shear Force Measurements
Frozen chops were thawed at 4°C (24 h) and cooked in a plate grill (65/70 FTES Electric Griddle, Modelar Catering Equipment, Italy) at 250°C until they reached an internal temperature of 71°C, which was monitored by an internal thermocouple (Lufft C120, München, Germany). The cooking loss was determined by calculating the difference in weight before and after thermal processing. One hour after cooling, 8 to 10 cores parallel to muscle fiber direction (1 cm 2 ) were taken from each steak. The Warner-Bratzler shear force (WBSF, kg) was measured with a texture analyzer (TA-tx2i Texture Analyzer, Stable Micro Systems, Surrey, UK), equipped with a WarnerBratzler shear device with a 30-kg compression load cell and crosshead speed of 5 mm/s. Data were collected with specific software (Texture Expert Exceed, Stable Micro Systems, Surrey, UK). The peak shear force measurements of cores from each steak were recorded and averaged to obtain a single WBSF value for each steak.
Trained Sensory Panel Analysis
For each session of trained sensory panel (TSP) analysis, 10 chops were thawed and cooked, using the same conditions described for shear force measurements. All samples were trimmed of external connective tissue and cut into cores with ~2 × 2 × 2 cm 3 , maintained at 60°C in heated plaques and tasted as soon as possible. Twelve trained panelists of pork performed the sensory analysis in 6 sessions (10 samples for each session). The panelists were selected and trained, according to Cross et al. (1978) . Samples were randomly distributed across sessions and the attributes classified were tenderness (defined as the opposite of the force required to bite through the sample with molars), juiciness (amount of liquid drained from the sample during the initial chews), flavor (intensity with which the pork sample is recognized as distinctly swine meat, rather than any other species of meat), and overall acceptability (perception of how the meat is palatable, taking into account the aforementioned attributes). The scale applied in the sensory analysis was structured into 8 points, with 1 being extremely tough, dry, weak, or negative, and 8 being extremely tender, juicy, strong, or positive for tenderness, juiciness, flavor, and overall acceptability, respectively.
Statistical Analysis
Data were analyzed using PROC MIXED (SAS Inst. Inc., Cary, NC), with variance heterogeneity analysis and considering animal as the experimental unit, with genotype, diet, and their respective interaction as fixed effects. Fatty acids with contents >20 mg/100 g muscle were included in the model. If the treatments were different (P < 0.05 and tendencies discussed at P < 0.10), means for traits were compared using the PDIFF option of SAS. The BW at slaughter was included in the model as a covariate to adjust the carcass characteristics presented in Table 2 . Pearson's correlation coefficients were calculated with the CORR procedure of SAS to elucidate possible associations among carcass characteristics, meat traits, and major FA (expressed as g/100 g of total FA). The correlations were considered significant at P < 0.05.
RESULTS

Growth Performance and Carcass Traits
The results of growth performance and carcass traits are shown in Table 2 . The Alentejano pigs had ADFI and G:F values greater than crossbred pigs (P < 0.001). The genotype strongly affected (P < 0.001) all carcass traits assessed, in contrast to diets, which only influenced (P < 0.05) perirenal fat. On average, Alentejano breed pigs, when compared with crossbred genotype pigs, had less HCW, carcass yield, and loin weight (P < 0.001). In contrast, perirenal fat and thickness of subcutaneous fat (assessed at shoulder, P2, L6, and S2 sites) were greater in Alentejano breed than in crossbred genotype (P < 0.001). A tendency for a diet effect (P = 0.06) on loin weight was obtained, with lower values for pigs of both genotypes fed RPD. In addition, reduced CP diets (RPDL and RPD) increased (P < 0.05) ADFI ~0.2 kg/d when compared with the control diet. Furthermore, G:F was reduced (P < 0.05) in pigs fed the reduced CP diets and it was less in RPD than RPDL (P < 0.05). The perirenal fat was influenced by dietary CP level (P < 0.05) but not Lys content (P > 0.05). A genotype × diet interaction (P = 0.047) was found for ADG and crossbred pigs fed RPD had a lower ADG than crossbred pigs fed the control and RPDL diets (~50 g/d), which was not observed for Alentejano pigs fed the same diet.
Meat Quality Traits
Meat traits in the longissimus lumborum muscle are presented in Table 3 . Forty-five min after slaughter, T 45 was greater (P < 0.05) in Alentejano than in crossbred genotype. Despite the pH 45 being increased 0.10 unit (P < 0.01) in Alentejano pigs, the pH had a normal fall (>6.0 at 45 min after slaughter), ultimately reaching pH 24 of ~5.7 in both pig genotypes. This is compatible with the absence of unacceptable pale, soft, and exudative pork. Regarding color measurements, meat from Alentejano pigs had greater L* (P < 0.001) and a* (P < 0.01) than that from crossbred pigs. Compared with Alentejano pork, WBSF was ~1.0 kg greater (P < 0.01) in meat obtained from crossbred pigs. There were no differences among dietary treatments on meat quality traits.
Intramuscular Fat Content and Composition
The IMF content and FA composition in longissimus lumborum muscle of Alentejano and crossbred pig genotypes are shown in Table 4 . An interaction between genotype and diet (P < 0.05) was observed for IMF, with no dietary effect for Alentejano pigs but with an increased IMF of 40% for crossbred pigs fed RPD. In contrast, RPDL did not (P > 0.05) increase IMF in either Alentejano or crossbred pigs. Regarding major individual FA, genotype × diet interactions (P < 0.05) were found for 16:0, 16:1c9, 18:0, and 18:1c9, with greater contents of those FA in crossbred pigs fed RPD, compared with other crossbred pigs. When compared with crossbred pigs, Alentejano pigs had greater content (P < 0.01) of 18:2n-6 (linoleic acid, 178 vs. 159 mg/100 g muscle) and n-3 PUFA (9.82 vs. 7.57 mg/100 g muscle) but less content (P < 0.001) of 20:4n-6 (arachidonic acid; 26.1 vs. 32.1 mg/100 g muscle). Interactions between genotype and diet (P < 0.05) were observed for SFA and MUFA, with greater values in crossbred pigs fed RPD relative to other crossbred pigs. Compared with genotype, diets had only a small effect on individual FA and partial sums of FA. Neither genotype nor diet influenced (P > 0.05) total PUFA and n-6 PUFA contents.
Trained Sensory Panel Analysis
The TSP scores for the longissimus lumborum muscle of Alentejano and crossbred pig genotypes are presented in Table 5 . Alentejano pigs had greater (P < 0.05) tenderness, juiciness, and flavor scores, compared with crossbred pigs. A similar tendency (P = 0.06) was observed for overall acceptability. Dietary treatment had only a small effect on TSP scores. However, meat from pigs fed RPD had greater (P < 0.05) juiciness than that from control pigs. The same trend (P = 0.08) was observed for overall acceptability scores.
Correlation between Carcass Parameters and Meat Quality
To avoid genotype confounding effects, correlations among meat traits were assessed separately for Alentejano and crossbred pigs. Correlation coefficients among IMF, FA, ADFI, ADG, G:F, HCW, carcass yield, loin weight, pH 24 , WBSF, cooking loss (CL), and TSP scores are shown in Table 6 .
For the Alentejano genotype, as IMF increases, its composition changes (P < 0.001) by increasing the proportion of 18:1c9 and decreasing the percentages of 18:2n-6 and 20:4n-6 FA. Likewise, these relationships were also observed in crossbred pigs. However, the IMF deposition was associated with an increment of 16:0 and 16:1c9 proportions in the latter genotype. In addition, IMF deposition was positively and moderately corre- Table 4 . Intramuscular fat content (IMF; g/100 g muscle) and fatty acid (FA) composition (mg/100 g muscle) of longissimus lumborum muscle from Alentejano and crossbred pig genotypes 1,2 Item Alentejano Crossbred P-value Control (n = 10) RPDL (n = 10) RPD (n = 10) Control (n = 10) RPDL (n = 10) RPD (n = 10) Genotype Diet Genotype × diet IMF n-3 PUFA 8.7 ± 0.6 11.8 ± 1.4 8.9 ± 0.8 7.3 ± 0.5 6.9 ± 0.3 8.4 ± 0.6 0.002 0.234 0.053 n-6 PUFA 219 ± 9 234 ± 14 203 ± 7 207 ± 9 198 ± 6 213 ± 9 0.110 0.680 0.079 a-c Within a row, means with different superscript letters differ, P < 0.05. 1 Control = normal CP diet; RPDL = reduced CP diet adjusted for Lys; RPD = reduced CP diet without adjustment for Lys. 1.00 *P ≤ 0.05, **P ≤ 0.01, and *** P ≤ 0.001. lated (0.7 ≥ r ≥ 0.3) with G:F (P < 0.01) in both genotypes. Moreover, in crossbred pigs, the greater the loin weight, the less its IMF content. In contrast, moderate correlations between IMF and ADG (r = -0.37) and carcass yield (r = 0.37) were observed in Alentejano pigs. Several correlations among growth performance and carcass traits were recorded in both genotypes. In general, these correlations followed the same trend in both genotypes. However, HCW was directly correlated with ADG in crossbred genotype, but this relationship was not statistically significant (P > 0.05) in Alentejano pigs. In contrast, carcass yield was negatively correlated with ADG, but this relationship was only statistically significant (P < 0.05) in Alentejano genotype. Moreover, pH24 values showed small r with all TSP scores, except with tenderness in crossbred pigs (r = -0.37). In addition, tenderness and juiciness had a greater contribution than flavor to acceptability scores in pork from both genotypes. Indeed, moderate to high (r > 0.70) correlations were found between acceptability and tenderness (r = 0.90 and r = 0.83) and juiciness (r = 0.70 and r = 0.52) in pork from Alentejano and crossbred genotypes, respectively. The latter meat sensory attribute was moderately correlated with flavor (r = 0.66) in crossbred but not in Alentejano pigs.
Fatty acid profile had an important role in meat flavor scores in both pig genotypes and was related with meat acceptability values in the crossbred genotype. The increase of 18:1c9 was associated with greater flavor scores (P < 0.001) in Alentejano pigs and greater acceptability scores (P < 0.05) in crossbred pigs. In contrast, as 18:2n-6 and 20:4n-6 increased, lower meat flavor and acceptability scores were obtained in Alentejano and crossbred pigs, respectively. Moreover, the proportion of 20:4n-6 was negatively correlated with acceptability but only in the crossbred pigs (r = -0.40). Finally, a moderate negative correlation between WBSF and tenderness (r = -0.43) was found for the meat from crossbred pigs. Nevertheless, excluding tenderness in meat from crossbred pigs, small relationships were observed between TSP scores and WBSF or CL values.
DISCUSSION
Producing pork with an increased IMF content is a major aim of the meat industry to meet consumer demand. In fact, the level of IMF influences meat quality and the minimum value of 2.5% IMF has been proposed as necessary for sensory acceptability of pork (DeVol et al., 1988; Fernandez et al., 1999b) . The increased IMF obtained in the present study (~50%) for lean (crossbred) pigs fed RPD, not adjusted for Lys (17.5 vs. 13.1% CP), is in agreement with several previous studies (e.g. It was reported that under certain limits, the lower the dietary protein the greater the marbling and IMF content (Castell et al., 1994; Goerl et al., 1995) . However, in those earlier reports, it is not clear if the muscle lipogenic response was due to dietary protein reduction per se, reduction of dietary Lys levels, or both. In our experiment, the only dietary treatment that increased IMF in longissimus lumborum muscle was RPD in crossbred pigs. Thus, our results clearly indicate that it was the reduction of Lys availability in the diet that promoted IMF deposition in lean pig genotype.
In contrast to the crossbred genotype, neither dietary CP nor Lys reductions influenced IMF in Alentejano genotype, which was about twofold greater in the crossbred than Alentejano pigs. Lysine requirements of growing pigs are directly proportional to protein accretion rate (NRC, 1998) . Studies in male Iberian pigs (Barea et al., 2006) , with phenotypic and genotypic similarities to Alentejano genotype (Pugliese and Sirtori, 2012) , indicated that the reduced-Lys level used in the present study could be enough to meet the requirements for Alentejano genotype, which could explain the lack of effect on IMF in Alentejano males fed RPD. In addition, it is possible that breed-specific expression of muscle fiber types and key lipogenic enzymes occurs (data not shown), which have been described as the most important factors influencing IMF in pigs (Guo et al., 2011) .
The Alentejano and crossbred pig growth rates were similar throughout the experiment (from 60 to 90 kg), although Alentejano breed had much greater body fat deposition, as indicated by greater IMF and shoulder, P 2 , L6, and S2 backfat thickness values, and, consequently, less muscle mass, as indicated by less loin weight. Thus, the energy value of BW gain is greater in Alentejano than crossbred pigs, which explains the enhanced ADFI and reduced G:F observed in Alentejano pigs, compared with the crossbred genotype. The genotype has been reported in several studies to induce distinct carcass traits, including marbling, loin muscle area, and percentage of lean meat (McLaren et al., 1987; Pugliese and Sirtori, 2012) . The difference between genotypes was expected because Alentejano is a native, nonimproved pig genotype, with a greater propensity to deposit fat because of a genetic heritage distinct from high-performing pigs, such as Large White, Landrace, and Pietrain.
In the present study, RPDL had no effect on ADG, backfat thickness, and loin weight, in both Alentejano and crossbred pigs. Nonetheless, when the dietary CP level was reduced without correction for Lys content (RPD), ADG was affected in crossbred but not in Alentejano pigs. In general, low-protein and Lys-deficient (O'Connell et al., 2006) diets decrease ADG in pigs during the lean growth phase. Regarding the effects of Lys reduction on growth perfor-mance and carcass traits, it is possible that most of the results published in the literature are not due to dietary protein reduction per se but rather to the consequent deficiency in dietary Lys supply.
The appearance of pork at retail is mainly influenced by IMF and color. Meat color is a very important factor that influences the purchase decision of the consumer, as it is perceived as a measure of freshness and quality (Khliji et al., 2010) . Furthermore, published data indicate that despite its poor eating quality, consumers prefer leaner pork (Brewer et al., 2001) . In general, Alentejano meat has greater IMF, is darker (lower L*), and redder (greater a*) than meat obtained from improved commercial pig genotypes. This trend was confirmed in the present study and could help to distinguish Alentejano meat from other pork at retail. However, the preference of consumers for a deeper pink color, rather than a pale white meat, could vary among countries and even within a country.
The important role of IMF in pork palatability has been described by several authors (e.g., DeVol et al., 1988; Hocquette et al., 2003; Lonergan et al., 2007; Cannata et al., 2010; Hocquette et al., 2010) . The Alentejano genotype had greater IMF content than crossbred pigs, which was accompanied by greater sensory panel ratings. Although not statistically significant, the greater tenderness, juiciness, flavor, and acceptability scores within crossbred genotype were found when the level of IMF in meat increased ~1.3% because of the reduced dietary Lys level (RPD). However, this increment was apparently not enough to affect pork eating quality. Indeed, an increase in pork IMF content is not always related to a greater eating quality (Rincker et al., 2008) because other genetic factors, including the ultimate pH, can play an important role.
It is worth noting that the pH 24 increase was associated with lower tenderness scores in crossbred but not in Alentejano pigs, which could be related to differences in IMF content. In fact, the relationships between meat lipid content and sensory traits are ultimately pH dependent . However, in contrast to previous studies where pH had noticeable effects on sensory traits (Zhang et al., 2007; Cannata et al., 2010) and CL (DeVol et al., 1988) , excluding tenderness in crossbred pigs, variations in pH 24 had no influence on pork quality in the present work.
A positive eating experience for pork meat depends on several attributes. The most pertinent sensory factors are tenderness, flavor, and juiciness. Tenderness has been identified as the most important attribute to determine pork acceptability (Resurreccion, 2004; Fortin et al., 2005; Cannata et al., 2010) . In the present study, pork acceptability was mainly defined by tenderness and juiciness, with flavor presenting a minor role in both genotypes. The WBSF is considered a very reliable indicator of tenderness (Skelley et al., 1973) . However, this has not been fully confirmed in this study because the correlation between meat WBSF and tenderness was <0.5, and only statistically significant in crossbred pig genotype.
The IMF from Alentejano pigs had a greater MUFA to SFA ratio than that from crossbred pigs, which is consistent with previous reports, indicating that native genotypes (Pugliese and Sirtori, 2012) , such as Alentejano breed, show a great predisposition to deposit MUFA, mainly 18:1c9, whereas high-performing pigs display greater quantities of SFA. In general, eating quality traits improve as IMF content and MUFA percentage increase, and PUFA proportion decreases (Cameron and Enser, 1991) . This trend is supported by these observed correlations: 18:1c9 was positively associated, whereas 18:2n-6 and 20:4n-6 were negatively correlated, with flavor, acceptability or both. Increased PUFA have often been reported to result in off flavors, particularly after reheating pork. This is because PUFA has a greater susceptibility to produce undesired volatile compounds during cooking (Larick et al., 1992) . In addition, Rhee et al. (1990) reported increased taste panel scores for tenderness and juiciness attributes, which parallel with a greater concentration of 18:1 in muscle lipids. In contrast, no statistically significant correlations between FA composition and tenderness or juiciness were detected in Alentejano and crossbred pig genotypes. This is in line with other findings, where an increase of 18:1 had no influence on pork eating quality (St. John et al., 1987) .
A weak positive correlation between IMF content and flavor was previously reported (Channon et al., 2004; Fortin et al., 2005) . The same relationship was observed in both genotypes, but the correlation only reached statistical significance in Alentejano pigs. Despite the contribution of FA composition to pork flavor observed in both genotypes, its influence on meat acceptability was only observed in crossbred pigs. These results indicate that the contribution of FA profile to pork acceptability is far from linear and could depend on IMF content. However, the influence of IMF to sensory quality is regarded as contradictory. Some studies indicated that IMF has a minor contribution to sensory characteristics (Wood et al., 1996; van Laack et al., 2001) , whereas others found that lipid content has an important role in eating experience (Brewer et al., 2001; Wood et al., 2004; Fortin et al., 2005; Hocquette et al., 2010) . The IMF content was not correlated with pork acceptability for both pig genotypes. It is possible that a threshold value for IMF exists, rather than a simple, linear relationship between IMF and tenderness (DeVol et al., 1988) .
In conclusion, results of this study indicate that the use of reduced CP diets during the growing-finishing phase of pigs is a potential approach for increasing IMF content in pork. In addition, the data strongly indicate that the increased IMF deposition is due to Lys restriction in pig diets. However, the response to this dietary CP/Lys reduction seems to depend ultimately on the genetic background of the pig (i.e., it was only effective in lean pig genotypes). Moreover, the small increment in pork sensory traits obtained with the increased IMF content indicates that this dietary approach may have limited use for meat industry and consumers, particularly in pig genotypes with a relatively high marbling level.
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